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ABSTRACT : 

PROBLEM TO BE SOLVED: To prevent, for example, an optical element and a 
coating film from being damaged by applying a beam where the pulse width of an 
excimer laser is longer than a specific value. 

SOLUTION: A beam where the pulse width of an excimer laser 1 is longer than 
100 ns is applied. The oscillation life of the laser itself is extended. For 
example, the spiker/sustainer vibrating method is known as the method for 
extending pulses, and a pulse width exceeding 1 &mu,-s is achieved. More 
specifically, the pulse width can be drastically extended without using any 
additional optical system such as an optical system for splitting an optical 
path, thus extending the pulse width at least by 100 times as compared with a 
normal pulse width of 10 ns. Therefore, an energy density per unit time 
becomes much smaller, namely 1/10 or less, thus preventing an optical element 
and a coating film from being damaged. The electron density of discharge can 
be controlled by electron beams for extending life or the plasma cathode 
ionization method can be utilized. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent, for example, an optical 
element and a coating film from being damaged by applying a beam 
where the pulse width of an excimer laser is longer than a specific 
value. 

SOLUTION: A beam where the pulse width of an excimer laser 1 is 
longer than 100 ns is applied. The oscillation life of the laser itself is 
extended. For example, the spiker/sustainer vibrating method is known 
as the method for extending pulses, and a pulse width exceeding 1 us 
is achieved. More specifically, the pulse width can be drastically 
extended without using any additional optical system such as an optical 
system for splitting an optical path, thus extending the pulse width at 
least by 100 times as compared with a normal pulse width of 10 ns. 
Therefore, an energy density per unit time becomes much smaller, 
namely 1/10 or less, thus preventing an optical element and a coating 

film from being damaged. The electron density of discharge can be controlled by electron beams for 
extending life or the plasma cathode ionization method can be utilized. 




.EGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 



Searching PAJ 



Page 2 



examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



[JP,10-275757,A] 



XAIMS DETAILED DESCRIPTION TECHNICAL FIELD PRIOR ART EFFECT OF THE INVENTION 
rECHNICAL PROBLEM MEANS DESCRIPTION OF DRAWINGS DRAWINGS 



Translation done.] 



i g eg b eb eg e e h g 



Searching PAJ 





.SEAROfl 


INDEXl 


I DETAII^I 



JAPAN 



/1 



1 



g e e he 



h 



Page 1 



< NOTICES * 

Tapan Patent Office is not responsible for any 
iamages caused by the use of this translation. 

..This document has been translated by computer. So the translation may not reflect the original precisely. 
1.**** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Detailed Description of the Invention] 

pool] 

The technical field to which invention belongs] this invention relates to the pattern formation method and its equipm 
0002] 

Description of the Prior Art] The method of imprinting the pattern drawn on the mask currently called lithography 
echnology on a sample substrate is widely adopted as formation of patterns, such as a semiconductor integrated circu 
ind a liquid crystal device. In order to perform this pattern imprint, generally the reduction projection type projection 
iligner which reduces and imprints the pattern on a mask is used. 

0003] The imprint of a detailed pattern with high resolution is demanded of the projection aligner more than before a 
letailed-ization of patterns, such as a semiconductor integrated circuit, progresses. Generally, resolution improves, so 
hat the numerical aperture NA of a projection lens is large, or, so that the wavelength of the light used for exposure i 
ihort. However, it is required simultaneously that a projection lens should also have a large exposure field, and there 
imitation in improvement in NA in practice. Therefore, the attempt which short- wavelength-izes light used for expos 
s made. It has the luminescence wavelength of short wavelength rather than the high pressure mercury vapor lamps 
wavelength of 436nm, or 365 etc.nm) used conventionally, for example, excimer lasers (the wavelength of 308nm, 
!48nm, or 193 etc.nm) are considered to be the effective light sources. 

0004] However, unlike a high pressure mercury vapor lamp etc., an excimer laser is the light source of pulse 
uminescence, and its energy density per unit time is far high compared with the conventional light source. For this 
eason, there was a problem which does an injury to an optical element, a coating film, etc. Then, the method of aimin 
it reduction of the energy density per lighting photometric-units time is indicated by JP,3-8201 1,A by dividing the 
)ptical path from an excimer laser into plurality, and setting up an optical path which the pass time difference of the 1 
vhich passes the shortest optical path and the longest optical path becomes more than the half-value width of the puis 
in excimer laser. 
0005] 

Problem(s) to be Solved by the Invention] The method of aiming at reduction of the energy density per lighting 
)hotometric-units time is indicated by dividing the optical path from an excimer laser into JP,3-8201 1,A at plurality, 
setting up an optical path which the pass time difference of the light which passes the shortest optical path and the 
ongest optical path becomes more than the half-value width of the pulse of an excimer laser. 

0006] However, since two or more reflective mirrors and prism are needed as optical system for optical-path division 
>rder to realize such an aligner, and a strong light from the same excimer laser as the former is directly irradiated by 
hese optics, the problem of an injury arises in these optics. Furthermore, it is difficult to maintain the exposure 
itmosphere for which the usual aligner, such as 6m or more thing optical path being needed in this optical system for 
>ptical-path division, and maintaining such a long distance at fixed temperature, and losing fluctuation of the density 
ur, is asked. 

0007] The technical problem of this invention is to offer the pattern formation method and equipment which used as 

ight source the excimer laser which the injury to an optical element, a coating film, etc. does not generate. 

0008] 

Means for Solving the Problem] In the pattern formation method which irradiates the mask pattern currently drawn b 
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he excimer laser on the mask substrate, projects on a wafer substrate, and forms a pattern, the above-mentioned 
echnical problem is attained, when the pulse width of the aforementioned excimer laser irradiates a light longer lastin 
han 100ns. 
0009] 

Embodiments of the Invention] By the conventional exposure method, by dividing the optical path from an excimer 
aser into plurality, and setting up an optical path which the pass time difference of the light which passes the shortest 
>ptical path and the longest optical path becomes more than the half-value width of the pulse of an excimer laser, the 
;nergy density per lighting photometric-units time was reduced, and the pattern imprint was performed. 
0010] On the other hand, in this invention, it solves by lengthening the oscillation life of laser itself. For example, a 
ipiker / SASUTINA method are well-known (for example, R.S.Taylor and K.E.Leopold and Appl. Phys. Lett, the 47t 
/olume, No. 2, page 81 to 83 or 1985 .), and, as for the technique of such formation of a long pulse, the pulse width f 
nicrosecond or more is attained. That is, pulse width can be lengthened sharply, without using additional optical syst 
ike the optical system for optical-path division. It becomes long 100 or more times rather than 10ns which is the usua 
mlse width. Therefore, the energy density per unit time becomes low far or less with 1/100, and an injury is lost on a 
>ptical element, a coating film, etc. 

001 1] The method of controlling the electron density of electric discharge, using an electron beam as the method of 
enforcement can also be used. Or plasma cathode ionization technology can also be used. 
0012] (Example 1) The outline of the example of composition of the projection aligner which realizes the pattern 
brmation method of this invention using drawing 1 is explained first. The light (wavelength : 308nm) used for expos 
lsed the xenon chloride excimer laser 1 of the long pulse by the spiker / SASUTINA method. The light emitted from 
cenon chloride excimer laser 1 is 1 microseconds or more of pulse width as shown in drawing 2 . The usual aligner w 
lsed except this light source. 

0013] That is, the light emitted from an excimer laser 1 is changed into the beam of the cross section of desired unifo 
>ptical intensity by the beam expander 2, and illuminates the mask substrate 3. The pattern 4 drawn on the mask 
;ubstrate is projected on a wafer 6 through the projection lens 5 of scale factors 1/5. In addition, the mask substrate 3 
aid on the mask stage 8 controlled by the mask position control means 7, and alignment of the center and optical axis 
he projection lens 5 is carried out correctly. The wafer 6 is laid on Z stage 9 which can move in the direction of an 
>ptical axis of z, i.e., direction, of the projection lens 5. Since Z stage 9 and X-Y stage 10 are driven by each driving 
neans 12 and 13 according to the control instruction from the main-control system 11, they are movable to a desired 
exposure position to the base 14 of a projection aligner. As a position of the mirror 15 fixed to Z stage 9, it acts as the 
nonitor of the position correctly by the laser length measuring machine 16. Moreover, the surface position of a wafer 
s measured by the usual focal position measurement means of a projection aligner. By making Z stage 9 drive accord 
o a measurement result, the front face of a wafer 6 can always be made in agreement with the image formation side o 
he projection lens 5. 

0014] The detailed pattern was exposed to the photoresist 17 on a wafer 6 using this aligner. Then, it is 0.5 microme 
vhen the resist 17 was developed and the pattern configuration was observed with the scanning electron microscope, 
letailed pattern of the good configuration of a pitch was formed. 

0015] Although this experiment was repeated and a total of 1 million pulses were exposed, the injury was not accept 
n the optical system of an aligner at all. 

0016] Instead of the xenon chloride excimer laser, even if it used the argon flora id excimer laser, the same effect wa 
icquired. Although the pulse width of an argon flora id excimer laser in this case was 100ns and 1 microseconds or 
nore, the result with good both was obtained. When pulse width was 1 microseconds or more, there was almost no 
njury on optical system, and it was good especially. 
0017] 

Effect of the Invention] The pattern formation which used the excimer laser as the light source by this invention, 
vithout doing an injury to an optical element, a coating film, etc. becomes easy. 
0018] Furthermore, each effect is described. 

0019] The excimer laser of a long pulse is used 100 or more times rather than 10ns which is the usual pulse width. 
Therefore, the energy density per unit time becomes low far or less with 1/100, and an injury is lost on an optical 
dement, a coating film, etc. 

0020] Moreover, there is also an advantage referred to as not using specially special optical system like the optical 
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;ystem for optical-path division. 

0021] Moreover, it becomes the pulse of not the optical intensity that a pulse train which is produced with the optica 
ystem for optical-path division followed and that vibrated but fixed intensity, in case exposure intensity is controlled 
s easy to control, and there is an advantage whose controllability improves. 

Translation done.] 
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